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METHOD AND APPARATUS FOR CORRECTING 
THE LOOP GAIN OF A SERVO LOOP IN 

ACCORDANCE WITH MEASUREMENTS DURING 
OPEN-LOOP OPERATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method and appara 

tus for correcting the loop gain of a servo loop in a ?ne 
adjustment servo system such as a focus servo system 
and a tracking servo system. 

2. Background of the Art 
A servo system such as a tracking servo system is 

used for making an information detecting point accu 
rately follow a recording track of a disk. A focus servo 
system which always accurately focuses a laser beam as 
the information detecting point upon the recording face 
of the disk is a prerequisite for e.g., an optical playback 
for use in replaying the information recording disk (sim 
ply called the disk) including video and digital audio 
disks. Those servo systems are classi?ed as ?ne adjust 
ment servo systems as compared with coarse adjust 
ment servo systems such as a slider servo system used 
for coarsely adjusting a moving object over compara 
tively large distances. These ?ne adjustment servo sys 
tems limit the de?ection of the object being controlled 
(such as an objective lens or pickup including the objec 
tive lens) relative to a target within a ?nely adjustable 
range. 

In the ?ne adjustment servo system, however, the 
loop gain of each servo system may ?uctuate because of 
variations in the power of a light source such as a laser 
diode disk reflectance and a focus error signal detecting 
system. The ?uctuation of the loop gain may be detri 
mental to the loop control against focus and tracking 
errors or may cause oscillation. Accordingly, stable 
servo operation is unavailable if the loop gain of each 
servo system ?uctuates. 

SUMMARY OF THE INVENTION 

The present invention is intended to solve the afore 
said problems and it is therefore an object of the inven 
tion to provide a method and apparatus for correcting 
the loop gain of a ?ne adjustment servo loop and for 
making possible stable servo operation at all times by 
maintaining the loop gain at the optimum value. 
The method and apparatus for ?ne adjustment of the 

loop gain of a servo loop including an ampli?er for 
amplifying a given error signal is characterized in that a 
variable gain ampli?er is used as the ampli?er to detect 
the difference or peak-to-peak value (p-p) of the posi 
tive and negative crest values of the error signal ob 
tained while the servo loop is opened. Further, a gain 
constant is set based on the peak-to-peak value detected 
and the gain of the variable gain ampli?er is controlled 
in accordance with the gain constant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing an embodiment of 
the present invention, applied to a focus servo system. 
FIG. 2 illustrates a change in the waveform of a focus 

error signal relative to the position of an objective lens 
from the recording face of a disk. 
FIG. 3 ,is a block diagram when the system of FIG. 

1 is formed with a microprocessor. 
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2 
FIG. 4 is a flowchart showing an operating proce 

dure executed by the microprocessor of FIG. 3. 
FIG. 5 is a block diagram showing another embodi 

ment of the present invention applied to a tracking 
servo system. 
FIG. 6 illustrates a change in the waveform of a 

tracking error signal while the servo loop is opened. 
FIG. 7 is a characteristic graph showing the relation 

between the detected value p-p and a gain constant. 
FIG. 8 is a block diagram when the system of FIG. 5 

is formed with a microprocessor. 
FIG. 9 is a ?owchart showing an operating proce 

dure executed by the microprocessor of FIG. 8. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to the accompanying drawings, a 
detailed description will subsequently be given of em 
bodiments of the present invention. 
FIG. 1 is a block diagram of an embodiment of the 

present invention applied to a focus servo system. As 
shown in FIG. 1, an error signal generating circuit 1 is 
used to generate a focus error signal based on one or 
more light beams emitted from a pickup 8c and re?ected 
from e.g., the recording face of a disk. For the genera 
tion of the focus error signal, there is employed the 
so-called astigmatic method for obtaining the error 
signal by producing astigmatism in the light beam using 
a cylindrical lens. A quadrant detector receives the 
astigmatic light beam and the error signal is obtained 
using the four outputs of the quadrant detector. Since 
the way of obtaining the error signal with the astigmatic 
method is well known, the description of the speci?c 
detailed schematic and functions thereof will be omit 
ted. 
The focus error signal generated by the focus error 

signal generating circuit 1 is supplied to an error ampli 
?er 2 having a variable gain and is also supplied to a 
positive peak holding circuit 4 and a negative peak 
holding circuit 5 through a switch 3. The focus error 
signal ampli?ed by the error ampli?er 2 becomes one of 
the inputs to a loop switch 7 via an equalizer circuit 6. 
The focus error signal passed through the loop switch 7 
is supplied to a focus actuator 8b through a drive ampli 
?er 8. The focus actuator is used to move an objective 
lens (not shown) contained in a pickup 8c along the 
optical axis. 
The focus servo loop is thus formed and, when the 

loop switch 7 is caused to select the output of the equal 
izer circuit 6, the loop is in the closed state. By driving 
the focus actuator according to the focus error signal 
generated by the focus error signal generating circuit 1, 
light beams for use in reading out information can be 
focused accurately on the recording face of the disk. 
On the other hand, a ramp signal generated by a ramp 

signal generating circuit 9 forms the other input to the 
loop switch 7. When the servo loop is held open, the 
ramp signal is generated in response to focus start in 
structions from the outside and is supplied to the focus 
actuator through the drive ampli?er 8. The loop switch 
7 is changeably operated by a switch control circuit 10. 
The ramp signal is generated in response to the focus 
start instructions and, while the loop is held open, is 
used to drive the focus actuator so that the objective 
lens is gradually brought close to the recording face of 
the disk from a position suf?ciently separated vertically 
therefrom. At this time, the focus error signal induced 
at the output of the error ampli?er 2 manifests the so 
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called S-shaped curve characteristics, shown in FIG. 2, 
relative to the displacement of the objective lens off the 
recording face of the disk. 
The aforesaid switch 3 is interlocked with, e.g., the 

loop switch 7 and is closed while the loop is held open 
so as to supply the focus error signal to the positive and 
negative peak holding circuits 4 and 5. The positive and 
negative peak holding circuits 4 and 5 are used to hold 
the positive and negative peak values (crest values) of 
the focus error signal (see FIG. 2) having the S-shaped 
characteristic obtained when the objective lens is driven 
by the ramp signal generated by the ramp signal gener 
ating circuit 9. Those values thus held are supplied to a 
peak-to-peak value detection circuit 11 in which a peak 
to-peak value p-p (the difference between the positive 
and negative crest values) is detected. The value p-p 
thus detected is supplied to a comparator 12. The com 
parator 12 compares the detected value p-p with a refer 
ence value p-p set in a reference value p-p setting circuit 
13 and produces a comparison output corresponding to 
the difference in level between the reference value p-p 
and what has been detected. The comparison output is 
supplied to a gain constant setting circuit 14. The gain 
constant setting circuit 14 is provided with a gain con 
stant table and so operated as to select a gain constant 
corresponding to the comparison output given by the 
comparator 12 and supply the corresponding output to 
a gain control circuit 15. The values in the gain constant 
table are such that, by the degree that the detected p-p 
value is less than the reference p-p value, the gain of the 
ampli?er 2 is increased. The gain control circuit 15 
controls the gain of the error ampli?er 2 in proportion 
to the output of the gain constant setting circuit 14. 
The operation of the circuitry thus arranged will 

subsequently be described. 
The loop switch 7 is initially assumed in such a state 

as to choose the output of the ramp signal generating 
circuit 9 (in the open-loop state) When the focus start 
instructions are given in that state, the ramp signal gen 
erating circuit 9 responds to the instructions, thus start 
ing to generate the ramp signal. As a result, the objec 
tive lens is brought close to the recording face of the 
disk gradually from a position sufficiently separated 
vertically therefrom. The focus error signal then indi 
cates positive and negative peak values in and out of 
focus in terms of signal levels as shown in FIG. 2. The 
peak values of the focus error signal subject to change 
by loop gain ?uctuations resulting from variations in 
disk re?ectance and the focus error signal in the detec 
tion system. 
The positive and negative peak values of the focus 

error signal are respectively held in the peak holding 
circuits 4 and 5. The difference between both the peak 
values, i.e., the peak-to-peak value p-p, is detected by 
the p-p value detection circuit 11 at the next stage. The 
difference in level between the detected value p-p and 
the reference value p-p, preset in the reference value p-p 
setting circuit 13 according to the loop gain as a refer 
ence, is detected by the comparator 12. The difference 
in level corresponds to the variables of the loop gain. In 
the gain constant a setting circuit 14, a gain constant 
corresponding to the comparison output of the compar 
ator 12 is selected from the gain constant table. Based 
on the gain constant, the gain control circuit 15 controls 
the gain of the error ampli?er 2. The detected value p-p 
is made coincident thereby with the reference value p-p, 
so that the optimum loop gain value is set. 
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The error ampli?er 2 is thus used to detect the peak 

to-peak value p-p of the focus error signal having the 
S-shaped curve characteristics and its gain is so con 
trolled a to make the detected value p-p coincide with 
the reference value p-p. Thereby the loop gain can be 
maintained at the optimum value despite variations in 
the power of the light source of, e.g., a laser diode, disk 
reflectance and the focus error signal in the detection 
system. In consequence, the stable operation of the 
focus servo can always be secured. 
Although it has been arranged in the aforesaid em 

bodiment that the peak-to-peak value p-p of the focus 
error signal prior to being ampli?ed is detected in the 
error ampli?er 2, the peak-to—peak value p-p thereof 
after being ampli?ed may be detected. 
Although a description has been given of a case 

where the loop gain is corrected by the hardware in the 
aforesaid embodiment, it is also possible as shown in 
FIG. 3 to do so by means of software and a micro 
processor with an effect equivalent to what is achiev 
able as described above. A description will further be 
given of a case where the microprocessor is employed. 

In FIG. 3, like reference characters are given to like 
or corresponding parts of FIG. 1. In this embodiment, a 
description will be given of a case where the peak-to 
peak value p-p of the focus error signal is detected after 
being ampli?ed by the error ampli?er 2. In FIG. 3, 
likewise, the focus error signal ampli?ed by the error 
ampli?er 2 is converted by an A/D (analog/digital) 
converter 16 into a digital signal before being supplied 
to a microprocessor 17. The microprocessor 17 starts 
control operation in response to the focus start instruc 
tions supplied from the outside, produces the ramp or 
focus error signal depending on the resulting operating 
condition and makes the focus error signal undergo 
given equalization. While the loop is held open, more 
over, the microprocessor 17 fetches in the output level 
of the A/D converter 16 and holds the positive and 
negative peak levels in the waveform of FIG. 2 in a 
RAM (random access memory) 18 while detecting the 
peak-to-peak value p-p. It obtains the difference in level 
between the detected value p-p and the preset reference 
value p-p, reads out a gain constant corresponding to 
the level difference from a ROM (Read Only Memory) 
29, and sends a corresponding output to the gain control 
circuit 15. The gain control circuit 15 controls the gain 
of the error ampli?er 2 in accordance with the output of 
the microprocessor 17. The ramp or focus error signal 
produces by the microprocessor 17 is converted by a 
D/A (digital/analog) converter 20 into an analog sig 
nal, which is then supplied to the focus actuator 
through the drive ampli?er 8. 

Referring to a ?owchart of FIG. 4, a description will 
further be given of the correction of the loop gain exe 
cuted by the microprocessor 17. 
Upon receiving the focus start instructions from the 

outside (STEP 1), the microprocessor 17 fetches an 
input e,- from the A/D converter 16 (STEP 2), stores the 
input as a positive peak value e+m at a predetermined 
address of the RAM 18 (STEP 3), and simultaneously 
applies the ramp signal to the D/ A converter 20 (STEP 
4). The ramp signal is arranged so that its level is gradu 
ally raised at a ?xed rate on a clock timing basis. The 
microprocessor 17 fetches the input ei again from the 
A/D converter 16 (STEP 5) and determines whether or 
not the value e; is smaller than the peak value e+,,, 
stored in the RAM 18 (STEP 6). When eiée'tm, the 
microprocessor 17 rewrites the positive peak value e'l'm 
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in the RAM 18 (STEP 7) and then causes the operation 
to move back to STEP 4. The aforesaid operation se 
quence is repeated until the condition e,-<e+m is identi 
?ed in STEP 6. 
At a stage in which e,-<e+m is identi?ed in STEP 6, 

the positive peak value e+m is ultimately obtained and 
the microprocessor 17 fetches in the input e,- from the 
A/D converter 16 to subsequently hold a negative peak 
value e—m (STEP 8) and causes the negative value e-,,, 
to be stored at a predetermined address of the RAM 18 
(STEP 9). Further, the microprocessor 17 produces the 
ramp signal to move the objective lens (STEP 10), again 
fetches in the input e,- form the A/D converter 16 
(STEP 11), and checks whether or not the value e,- is 
greater than the peak value e-m stored in the RAM 18 
(STEP 12). When age-m, the microprocessor 17 re 
writes the peak value e—m in the RAM 18 (STEP 13) 
and then causes the operation to move again to STEP 
10. The aforesaid operation sequence is repeated until 
eiée-m is identi?ed in STEP 12. 
At a stage in which the condition e,->e—m is identi 

?ed in STEP 12, the negative peak value e--,,, is ulti 
mately obtained. According to the positive and nega 
tive values e-l'm and e-,,,, the microprocessor 17 com 
putes the peak-to-peak value p-p Of the focus error 
signal as (e‘l'm——c"m) (STEP 14) and calculates the 
difference in level between that detected peak-to-peak 
value p-p and the reference value p-p (STEP 15). Fur 
ther, the microprocessor 17 selects a gain constant cor 
responding to the level difference from the gain con 
stant table prestored in the ROM 19 (STEP 16) and 
controls the gain of the error ampli?er 2 through the 
gain control circuit 15. As a result, the gain of the error 
ampli?er 2 conforms to the gain constant thus selected 
(STEP 17). The operation of correcting the gain of the 
focus servo loop is completed through the series of 
operations described above. 

In each of the aforesaid embodiments, the objective 
lens is perpendicularly brought close to the disk face 
one time (objective lens lifting operation) and the loop 
gain is corrected in accordance with the peak-to-peak 
value p-p of the focus error signal obtained then. How 
ever, the operation of moving up and down the objec 
tive lens may be repeated several times to obtain the 
average of a plurality of the values p-p of the focus 
error signal and the loop gain may be corrected in ac 
cordance with the average value. In this case, more 
accurate correction becomes possible. 

It is also possible to correct the loop gain while a 
slider for radially moving the pickup and a spindle 
motor for rotatingly driving the disk are operated. 
FIG. 5 is a block diagram showing another embodi 

ment of the present invention applied to the tracking 
servo system. In FIG. 5, a tracking error signal genera 
tion circuit 21 is used to generate a tracking error signal 
based on a light beam emitted from a pickup 26c and 
re?ected from, e.g., the recording face of a disk. For the 
generation of the tracking error signal, there are pre 
pared three beams, namely, a main beam for detecting 
information and two subbeams arranged on both sides 
of the main beam and used for tracking detection in 
such a manner that the line connecting the centers of 
these beams makes an offset angle with the direction of 
a track. In the so-called 3-beam method above, an error 
signal is obtained from the difference in the quantity of 
the two subbeams of light re?ected from the recording 
face of the disk. As the way of obtaining the error signal 
under the 3-beam method is well known, the description 
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of the speci?c detailed design and function thereof will 
be omitted. 
The tracking error signal generated by a tracking 

error signal generating circuit 21 is supplied to a loop 
switch 22. the switching operation of the loop switch 22 
is controlled by a switch control circuit 23. When the 
loop switch 22 contacts its a and b sides, the servo loop 
is respectively closed and opened. The tracking error 
signal is supplied to a tracking actuator 26b radially 
moving the pickup 260 through an equalizer circuit 25 
and a drive ampli?er 26 after the gain is ampli?ed by a 
variable error amplifier 24 while the servo loop is 
closed. The tracking actuator is designed to de?ect a 
light spot for detecting information (information detect 
ing spot) contained in the pickup in the direction per 
pendicular to the recording track (radial direction of the 
disk). 
A tracking servo loop is thus formed and, by driving 

the tracking actuator according to the level of the track 
ing error signal generated in the tracking error signal 
generating circuit 21, the light spot for detecting infor 
mation is caused to follow the recording track of the 
disk accurately at all times. 
On the other hand, the switch control circuit 23 is 

operated so that the loop switch 22 contacts the side b 
to set the servo loop open for a ?xed period when the 
disk rises up and is searched. While the servo loop is a 
opened, the tracking error signal changes as shown in 
FIG. 6 and is supplied to a positive peak holding circuit 
27 and to a negative peak holding circuit 28. Positive 

' and negative peak values pp and my are held in the cir 
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cuits 27 and 28, respectively. The peak outputs pp and 
pNthus held in these peak holding circuits 27 and 28 are 
supplied to a p-p value detecting circuit 31 respectively 
through LPFs (low pass ?lters) 29 and 30 and a peak-to 
peak value p-p is detected in the p-p detecting circuit 31. 
The peak-to-peak value p-p thus detected is supplied to 
a gain setting circuit 32. The gain setting circuit 32 has 
a gain constant table set to provide the relationship 
shown in FIG. 7 between gain constants G0 and the 
detected peak-to-peak values p-p. The gain setting cir 
cuit 32 selects a gain constant Gc corresponding to the 
output of the p-p detecting circuit 2 and supplies the 
corresponding output to a gain control circuit 33. The 
gain control circuit 33 controls the gain of the error 
ampli?er 24 in accordance with the output of the gain 
setting circuit 32. 
The loop gain can thus be set and maintained at the 

optimum value by detecting the peak-to-peak value p-p 
of the tracking error signal obtained while the servo 
loop is opened. A gain constant is set according to the 
detected peak-to-peak value p-p and the gain of the 
error ampli?er 24 is controlled in conformity with the 
gain constant despite variations in the power of a light 
source such as a laser diode, disk re?ectance and of 
error signal detecting and amplifying systems. Thereby 
stable tracking operation is obtainable at all times. 
The waveform of the tracking error signal with the 

servo loop being open is subjected to frequency modu 
lation because of the eccentricity of the disk and, be— 
cause the modulated frequency is low, it requires a 
lengthy time to hold the peak value of the error signal 
accurately unless the number of revolutions of a spindle 
motor for driving and rotating the disk reaches a ?xed 
value. When an LPF for noise elimination is provided 
on the input side of the tracking error signal, moreover, 
the frequency of the signal is modulated by the eccen 
tricity of the disk and the amplitude thereof is caused to 
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?uctuate by the LPF. Therefore, peaks are held over 
the periods of the eccentricity of the disk to obtain the 
mean of the values in the positive and negative peak 
holding circuits 27 and 28 so that the peaks can be held 
accurately. That is, provided the number of revolutions 
of the spindle motor is at a given rate or higher with the 
peak holding time being assumed constant, the number 
of eccentric peaks contained therein becomes constant 
or greater. In consequence, the peaks can be held accu 
rately. 
Although it has been arranged in the aforesaid em 

bodiment that the peak-to-peak value p-p of the focus 
error signal prior to being ampli?ed is detected in the 
error ampli?er 24, the peak-to-peak value thereof after 
being ampli?ed may be detected. 
Although a description has been given of a case 

where the loop gain is corrected by the hardware in the 
aforesaid embodiment, it is also possible as shown in 
FIG. 8 to do so by means of software and a micro 
processor with effect equivalent to what is achievable as 
aforementioned. 

In FIG. 8, like reference characters given to like or 
corresponding parts of FIG. 5. In this embodiment, a 
description will be given of a case where the peak-to 
peak value p-p of the focus error signal is detected after 
being ampli?ed by the error ampli?er 24. In FIG. 8, the 
focus error signal ampli?ed by the error ampli?er 24 is 
converted by an A/D converter 34 into a digital signal 
before being supplied to a microprocessor 35. The mi 
croprocessor 35 subjects the focus error signal to un 
dergo given equalization while the loop is closed. While 
the loop is opened, the microprocessor 35 fetches in the 
output level of the A/D converter 34 and holds the 
positive and negative peak levels in a RAM 36 while it 
detects the peak-to-peak value p-p according to these 
peak levels. It reads out a gain constant Gc correspond 
ing to the peak-to-peak value p-p from a ROM 37, and 
sends a corresponding output to the gain control circuit 
33. The gain control circuit 33 controls the gain of the 
error ampli?er 24 in accordance with the output of the 
microprocessor 35. The tracking error signal produces 
by the microprocessor 35 is converted by a D/A con 
verter 38 into an analog signal, which is then supplied to 
the tracking actuator through the drive ampli?er 26. 

Referring to a ?owchart of FIG. 9, a description will 
further be given of a procedure for setting the gain 
constant Gc executed by the microprocessor 35. The 
operation is conducted while the focus servo is in the 
locked state and during a ?xed period of time, e.g., l50 
millisec after the number of revolutions of the spindle 
motor has reached a predetermined value, with a sam 
pling frequency of 30 kHz set for the purpose. 
A value C counted by a counter for counting up 

values synchronously with the sampling period and the 
detected peak values Xpp and XpN are initially reset 
(STEP S21). Subsequently, the value y of the tracking 
error signal produced by the microprocessor 35 is set to 
zero with the servo loop being kept open (STEP S22) 
and then the microprocessor 35 fetches in the tracking 
error signal X (STEP S23). The counted value C is then 
incremented (STEP S24) and it is checked whether or 
not the counted value C counted is equal to or greater 
than a predetermined reference value, e. g., 1,500 (STEP 
S25). When C< 1,500, a ?lter constant LE is set at a ?rst 
larger value, e.g. 3, and, when C; 1,500, the ?lter con 
stant LE is set as a second smaller value, e.g. 1 (STEPs 
S26, S27). 
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The ?lter constant LE is the value set to counter 

noise at the time of holding the peak. For an initial time 
period, e.g., 50 millisec (the reference counting value of 
1,500 is set by the 50 millisec initial period and the sam 
pling frequency of 30 kHz) at the beginning of a sample 
holding period (150 millisec), the detection of the peak 
values Xpp and XPN is improved against the changes of 
the peaks of the error signal by setting a larger ?lter 
constant LE=3 and thereafter the ?lter constant 
(equivalent to the leakage is an RC ?lter) is reduced by 
setting LE=1 so as to improve the holding characteris 
tics. In STEP S28, it is determined whether the tracking 
error signal X is positive or negative. When X>O, it is 
judged whether or not the error signal X is greater than 
the peak value XPP determined up to this time (STEP 
S29). When X>Xpp, the current error signal (fetched 
this time) is set as the detected peak value Xpp (STEP 
S30). When XéXpp, the value obtained by subtracting 
the ?lter constant LE from the current Xpp is set as a 
new current peak value Xpp (STEP S31). Then a posi 
tive peak value Pp is computed from the detected peak 
value Xpp after ?ltering (equivalent to the fact that the 
signal has been ?ltered through the LPF 29 in FIG. 5) 
(STEP S32). 
When it was judged that X20 in STEP S28, on the 

other hand, it is determined whether or not the error 
signal X is less than the peak value XpN detected up to 
the last time (STEP S33). When XéXpp, the error 
signal fetched this time is set as the current detected 
peak value XpA/(STEP S34). When X>Xpp, the sum of 
the peak value XpN detected and the constant LE is set 
as the detected peak value XpN (STEP S35). Subse 
quently, a negative peak value PNis computed from the 
detected peak value XPN after ?ltering (equivalent to 
the fact that the signal has been ?ltered through the 
LPF 30 in FIG. 5 (STEP S36). The peak-to-peak value 
p-p is computed from an equation (Pp- PN) involving 
the positive and negative peak values Pp and PN thus 
obtained (STEP S37). A gain constant Ge correspond 
ing to the peak-to-peak value p-p is subsequently se 
lected from the gain constant table set according to the 
characteristics shown in FIG. 7 and prestored in the 
ROM 37 (STEP $38). The gain of the error ampli?er 34 
is so controlled through the gain control circuit 33 that 
it corresponds to the gain constant GC (STEP S39). The 
operation of correcting the gain of the tracking servo 
loop is completed through a series of the aforesaid oper 
ations. 
Although in the embodiments of FIGS. 3 and 8 the 

error ampli?ers 2 and 24 are arranged before the A/D 
converters 16 and 34 so as to correct the loop gain at the 
analog stage by controlling the gain of the error ampli? 
ers 2 and 24 through the gain control circuits 15 and 33 
in accordance with the gain constant obtained from the 
microprocessors 27 and 35, it is also possible to correct 
the loop gain at the digital stage by multiplying the gain 
constant thus obtained by the signal level of the error 
signal in each of the microprocessors 17 and 35. 
As set forth above, the peak-to-peak value p-p obtain 

able with the servo loop opened is detected and the gain 
constant is set based on the detected peak-to-peak value 
p-p and further the gain of the variable gain ampli?er is 
controlled in proportion to the g in constant according 
to the present invention. Thereby stable servo operation 
is realized at all times as the gain of the servo loop can 
always be maintained at the optimum value. 
What is claimed is: 



4,878,211 
1. A method of correcting a loop gain of a servo loop, 

said servo loop being of the type wherein an error signal 
is derived from signal representing the condition of an 
object and wherein said object is driven toward a de 
sired condition in accordance with said error signal, 
said method comprising the steps of: 

opening a servo loop; 
changing the condition of said object to cause said 

error signal to pass through an upper peak repre 
senting a maximum error in a ?rst direction and a 
lower peak of said error signal representing a maxi 
mum error in a second direction; 

detecting a peak-to-peak value of an error signal of 
said servo loop while said servo loop is open, 
wherein said peak-to-peak value represents the 
difference between said upper and lower peaks of 
said error signal; 

adjusting an ampli?cation gain in accordance with 
said detected peak-to-peak value; 

closing said servo loop; and 
operating said closed servo loop including amplifying 

said error signal by said adjusted ampli?cation 
gain. 

2. A method of correcting a loop gain as recited in 
claim 1, further comprising the step of moving a me 
chanical component included in said servo loop in pre 
determined motion while said servo loop is opened. 

3. A method of correcting a loop gain as recited in 
claim 2, wherein said mechanical component is an opti 
cal pickup operatively connected with a rotating disk 
and wherein said predetermined motion is an approach 
of said pickup substantially perpendicularly to a surface 
of said disk. 

4. A method of correcting a loop gain as recited in 
claim 2, wherein said mechanical component is a pickup 
operatively connected with a rotating disk and wherein 
said predetermined motion is a motion of said pickup 
parallel to a surface of said disk. 

5. A method of correcting a loop gain as recited in 
claim 1, wherein said detecting step includes a step of 
determining a positive peak of said error signal and a 
step of determining a negative peak of said error signal, 
and wherein said peak-to-peak value is a difference of 
said positive and negative peaks. 

6. A method of correcting a loop gain as recited in 
claim 5, wherein said two determining steps each in 
clude a low-pass ?ltering step for ?ltering time varia 
tions of said positive and negative peak, respectively. 

7. A method of correcting a loop gain as recited in 
claim 1, wherein said servo loop controls an actuator 
and wherein said error signal represents an error be 
tween desired and actual actuator states. 

8. An apparatus for correcting a loop gain of a servo 
loop, said servo loop being of the type wherein an error 
signal is derived from a signal representing the condi 
tion of an object and wherein said object is driven 
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10 
toward a desired condition in accordance with said 
error signal, said apparatus comprising: 

a servo loop including an error detection signal 
source, a variable gain ampli?er receiving an out 
put of said error detection signal source and 
switching means for opening and closing said servo 
loop; 

means for changing the condition of said object while 
said switching means has opened said servo loop to 
cause said error signal to pass through an upper 
peak representing a maximum error in a ?rst direc 
tion and a lower peak of said error signal represent 
ing a maximum error in a second direction; 

means for detecting a peak-to-peak value of said error 
detection signal while said switching means has 
opened said servo loop, wherein said peak-to-peak 
value represents the difference between said upper 
and lower peaks of said error signal; 

means for setting a gain constant according to said 
detected peak-to-peak value; and 

means for controlling a gain of said variable gain 
ampli?er according to said set gain constant. 

9. An apparatus for correcting a loop gain as recited 
in claim 8, wherein said detecting means includes: 

positive determining means for determining a positive 
peak value of said error detection signal; 

negative determining means for determining a nega 
tive peak value of said error detection signal; and 

differencing means for producing said peak-to-peak 
value according to said determined positive and 
negative peak values. 

10. An apparatus for correcting a loop gain as recited 
in claim 9, further comprising two?ltering means re 
ceiving respective outputs of said positive and negative 
determining means and providing inputs to said differ 
encing means. 

11. An apparatus as recited in claim 8, further com 
prising a pickup operating upon a rotating disk and 
included in said servo loop. 

12. An apparatus as recited in claim 11, further com 
prising means for moving said pickup in a predeter 
mined motion while said switching means have opened 
said servo loop. 

13. An apparatus as recited in claim 12, wherein said 
pickup is an optical pickup and said moving means 
moves said pickup substantially perpendicularly to a 
surface of said disk. 

14. An apparatus as recited in claim 13, wherein said 
moving means moves said pickup parallel to a surface of 
said disk. 

15. An apparatus as recited in claim 8, wherein said 
servo loop controls an actuator and wherein said error 
signal represents an error between desired and actual 
actuator states. 
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